Introduction
Tenosynovial giant cell tumour (TGCT) or giant cell tumour of the tendon sheath is a group of rare soft tissues neoplasia affecting synovial joints, bursae and tendon sheaths [1] .
It is usually a benign tumour, predominant in young adults, especially females, with a median age of 40 years [2] . According to clinical presentation and biological behaviour, it is classified as localized type or diffuse type, the second one itself divided in a 'benignant' and 'malignant' form [3] . The localized form (TGCT-L) usually affects smallest joints, mainly fingers or wrists, and is a benign neoplasm, characterized by a low recurrence rate (10-20%) [4] .
The diffuse type (TGCT-D), also known as 'pigmented villonodular (teno)synovitis', involves large joints (knee, hip, ankle, elbow) [5] . It is characterized by local aggressivity, with invasion and destruction of adjacent soft-tissue structures and high local recurrence rate (20-50%) [1] . The main treatment approach is radical surgery, while radiotherapy is used as adjuvant therapy, especially after partial resection, or as an alternative treatment when a complete resection cannot be performed [1, 6] .
Malignant TGCT can arise de novo as a primary malignancy or as malignant transformation of benign TGCT [7] . It is characterized by high rate of local recurrences and distant metastasis mainly in lungs and lymph nodes [8] . Radical surgical approach remains the best treatment of choice and adjuvant radiation therapy may help to control local spread.
Only a few cases of malignant TGCT and very few evidences on therapy options are described in the literature, so, to date, no systemic treatment is approved for this rare disease. In consideration of the limited data presented in the literature, we report the case of a malignant TGCT patient treated with many different systemic therapies and performed a review of the literature on the systemic treatment options of this rare tumour.
Case presentation
Our patient was a 41-year-old female Caucasian and her oncological history started with a self-finding of a progressive increasing mass in the upper left thigh from October 2016. In February 2017, she performed an MRI of the left thigh which confirmed the presence of a neoformation of 6 cm. The percutaneous biopsy performed in March 2017 lean to a diagnosis of 'Giant cell tumour of soft tissues'. Histological examination revealed a mitotic index of 16/10, high power fields absence of necrosis, immunohistochemical positivity for CD68, p63, alpha-actin and desmin with negativity for CD45, mieloperossidasis, CD33, CD34, EMA, AE1/AE3 and SOX10. The total body computed tomography (TB CT) scan was negative for distant metastases.
In May 2017, a wide excision of the lesion of left thigh was performed and the histological examination reported the diagnosis of 'Malignant Giant Cell Tumour of Tendon Sheaths' of 7 cm diameter, with focal necrosis, a mitotic index of 26/10 HPF and focal vascular invasion.
In consideration of the diagnosis of soft tissue sarcoma and the stage of the disease, an adjuvant radiotherapy was planned for August 2017. However, in July 2017, the patient noticed a painful inguinal swelling, so a TB CT scan and an MRI of the left thigh were performed. Both imaging tests demonstrated a local recurrence in the field of the previous surgery [Diameter maximum (Dmax) 25 mm], the appearance of left obturatory and inguinal lymphadenopathies (Dmax 19 mm) and lung nodules (Dmax 8 mm). All the lesions were confirmed by a PET scan.
The adjuvant radiotherapy was omitted, and in September 2017, the patient underwent a first-line chemotherapy with Doxurubicin (75 mg/mq i.v. on day 1) and Olaratumab (15 mg/kg i.v. on day 1 and day 8) every three weeks, well tolerated. After two cycles of therapy, the TB CT scan and MRI of the left thigh revealed a numeric and dimensional increase of lungs nodules, of the lymphadenopathy (inguinal, external iliac and obturatory) ( Fig. 1 .1a-c) and of the soft tissue lesions of the left thigh (7 cm) ( Fig. 2 .1a-c). The patient also experienced a clinical progression with uncontrolled pain [Numerical Rating Scale (NRS) 6] at inguinal nodes.
In consideration of the low response to the chemotherapy, it was decided to propose an antiangiogenetic therapy, so in November 2017, the patient started a second-line therapy with Pazopanib 800 mg/mq and palliative radiotherapy (3DCRT, 30 Gy total in 10 fractions) on inguinal nodes with complete improvement of pain and no significant toxicity. After two months of Pazopanib, the TB CT scan and MRI of the left thigh showed a stable disease of the lymphadenopathies and the lung metastases, but a dimensional increased of the lesions of the thigh root and of the upper left leg with a worsening of the pain, so other 10 fractions of palliative radiotherapy (3DCRT, 30 Gy in 10 fractions/week) were performed concomitant to Pazopanib. Also this second RT cycle, associated to Pazopanib, was well tolerated with mild cutaneous toxicity (RTOG scale, G1).
After other three months of Pazopanib the TB CT scan and the MRI of the left thigh showed a mixed response with an increase in number of lung lesions (Dmax 18 mm), a minimal reduction of the left obturatory adenopathy with a more colliquate component (25 × 15 vs 30 × 18 mm 2 ) and of the left inguinal lymphadenopathy (20 × 14 vs 26 × 15 mm 2 ) ( Fig. 1 .2a-c). It showed also a dimensional increase in the lesions at the thigh root (30 vs 22 mm) and the numerical increase of the soft tissue nodulations of the upper left leg (Fig. 2 .2a-c). Moreover, the patient experienced a worsening of the pain (NRS 7). Therefore, we decided to offer a third-line therapy with Imatinib off-label despite the limited literature evidences. The therapy with Imatinib started in April 2018 In consideration of the rapid clinical and radiological progression of the disease and the disease entity, we opted for the reintroduction of the chemotherapy as any other sarcoma. In May 2018, the patient started a fourth-line of therapy with high-dose Ifosfamide (14 g/mq intravenous in continue infusion for 14 days every 28 days).
After two cycles of chemotherapy, the patient experienced severe asthenia, neutropenia, leucopoenia, anaemia (all toxicities of grade 3) and clinical progression of the lesions of the left groyne and thigh root, confirmed by a CT scan of the abdomen and thighs ( Figs. 1.4b ,c and 2.4a-c). The clinical progression and the drug intolerance led us to the decision of starting a fifth-line treatment with Trabectedine (1.5 mg/mq in 24 hours infusion) in June 2018.
Meanwhile, gene rearrangements (fusions) assessment of five genes and corresponding exon regions (ALK, ROS1, NTRK1, NTRK2, NTRK3) was performed with next generation sequencing test evaluating RNA extracted from FFPE tissue specimen. Sequencing target enrichment was accomplished, after reverse transcription, using an anchored multiplex PCR method [9] . No gene rearrangements were detected in region tested.
After three cycles of Trabectedine, which were well tolerated, the TB CT scan reported a substantial stable disease of the lung lesions ( Fig. 1.5a ), but a dimensional increase in the soft tissue lesions of the thigh root, partially confluents in a single mass (80 × 76 vs 49 × 42 mm 2 ) ( Fig. 2.5a c). It showed also a dimensional increase in the left iliac lymphadenopathies (Dmax 60 × 37 vs 34 × 23 mm 2 ), which were partially incorporated in the mass (Fig. 1.5b,c) .
In September 2018, a sixth-line of treatment with Gemcitabine 1000 mg/mq (days 1-8 every 3 weeks) was started. After three cycles of chemotherapy, a clinical progression of the inguinal lymphadenopathies and thigh root lesions was observed. Only a chest CT scan was performed and showed a further increase of the lung lesions (Dmax 24 mm) ( Fig. 1.6a ).
The clinical status of the patient was progressively worsening with severe asthenia (grade 3), uncontrolled pain (NRS 10) and bleeding of the left groyne and thigh lesions and high fever. The patient died in October 2018, after 19 months from histological diagnosis and 16 months from the diagnosis of metastatic disease.
Discussion
Soft tissue sarcomas are a rare type of cancer and the malignant TGCT is an even more uncommon entity within this family. Differently from its benign variant, this disease is very aggressive with a high risk of local recurrence and distant metastases mainly to the lungs and, unlike many other sarcomas, to the lymph nodes [10] . As there is no standard treatment for such an aggressive and infrequent pathology, this case report has the purpose of illustrating the treatment options currently available. The first and the most crucial treatment option is surgery as in localized malignant sarcomas a radical resection is proven to reduce mostly the local relapse but also, in a minimal percentage, the development of distant metastases [11] . A thoughtful balance between local control and function preservation in soft tissue sarcomas of the extremities is fundamental. However, we have to keep in mind that the systemic treatment options for the malignant TGCT are still a challenge.
Concerning the medical treatments, there are two big families to consider: chemotherapy and tyrosine-kinase inhibitors (TKIs) [12] . Doxorubicin is the mainstay of first-line chemotherapy in soft tissue sarcomas and can be associated with Ifosfamide when shrinkage is needed. In fact, this association demonstrated to improve response rate and progression-free survival, but no advantage was shown in overall survival (OS) [13, 14] . At the time of our case, the association of Doxorubicin with Olaratumab was thought to improve OS based on a phase II study that led this drug to an early approval [15] , so this combination chemotherapy was proposed to our patient. Unfortunately, at the half of January 2019, the preliminary results of the phase III study ANNOUNCE trial reported by a press release did not confirm the previous results and the drug approval was retired.
Beyond first-line therapy, there is no consensus and usually a histology-driven choice is made. Unfortunately, there is no proof of efficacy for any tailored chemotherapy for malignant TGCT but only active drugs in other sarcoma subtypes are available, as high-dose Ifosfamide, Trabectedine, Eribulin, Gemcitabine and Docetaxel as single agent or in combination.
In TGCT, there is also typically a reactive component with proliferation and recruitment of colony-stimulating factor 1 receptor (CSF1R)-expressing cells including macrophages, giant cells and osteoclasts [16] [17] [18] . In 30-60% of TGCT patients, CSF1 overexpression results from a t(1;2) translocation, which fuses the CSF1 gene to the collagen type VI a3 (COL6A3) promoter [19] . Systemic therapies targeting the CSF1/CSF1R signalling pathways have shown promising results as novel treatment [Brahmi] . Imatinib, a multy-TKI with an activity against CSF1R, was shown to be effective in several case reports [20, 21] and in a retrospective series of patients with locally advanced or metastatic TGCT [19] . Based on the evidence of these studies, we requested Imatinib in off label but, unfortunately, our patient could not even complete one month of treatment as clinical progression occurred. Small molecule and mAb targeted therapies have been investigated as novel treatment options with promising results, particularly other multy-TKI with an activity against CSF1R, such as Nilotinib, Pazopanib, Pexidartinib, Sunitinib [2, 16, [22] [23] [24] [25] [26] [27] and Emactuzumab [28] . Other molecular inhibitors are under investigation such as the mammalian target of rapamycin inhibitors and insulin growth factor receptor inhibitors [29] .
The development of new CSF1R/CSF1 inhibitors or other molecular pathways-inhibitors represents a new avenue and the key treatment management of patients with TGCT. Meantime, in the clinical practice setting, the therapeutic management of malignant TGCT remains challenging.
Conclusion
New drugs targeting molecular pathway, especially CSF1/CSF1R axis, seem to have an activity on TGCT. Cytotoxic drugs currently remain the most effective available agents against this disease in clinical practice even if the response rate, duration of response and progression-free survival are still unsatisfactory. Malignant TGCT is, therefore, still an orphan disease with unmet medical needs.
Better understand of biological and molecular characteristics of this subtype of sarcoma and more clinical trials are needed in order to develop new therapies able to efficiently target specific pathways.
